Amelogenesis can be regarded as a two-stage process. The first, matrix production, is the formation of a relatively poorly mineralized matrix high in organic contents. This is succeeded by the maturation stage during which the mineral content is raised to exceptionally high levels with a corresponding dramatic reduction in organic content.
The mechanism of removal of the organic matrix is obscure. Earlier hypotheses (Weinmann et al. 1942 ) favoured the presence of proteolytic enzymes in the matrix, but this has been replaced by the suggestion (Eastoe 1963 , 1966 , Fearnhead 1965 ) that the matrix proteins constitute a thixotropic gel which is extruded by growth of apatite crystallites. A recent report by Suga (1970) suggests that proteases are present in enamel matrix.
The site and mechanism of breakdown of organic matrix constituents is also uncertain, although indirect evidence implicates the ameloblast in this process. Intravital dyes (Wassermann 1944) , labelled amino acids (Young & Greulich 1963 ) and 85SO4 (Reith & Cotty 1967) are removed from maturing enamel through the ameloblasts.
In rodents, maturing ameloblasts undergo major structural reorganization, including shortening, replacement of Tomes's process by a striated border (which has been shown in ultrastructural studies (Reith 1963 (Reith , 1970 to consist of complex infoldings with associated dense lysosome-like membrane-bound bodies), and migration of basal mitochondria into the distal cytoplasm.
Developing enamel is unusual in that it is separated from its vascular source of inorganic ions by the epithelial cells ofenamel organ. Recent preliminary studies by Hiller et al. (1971) have demonstrated that the uptake of 32PO4 into maturing enamel is an active cell-mediated process.
The object of the present study was to investigate the distribution and significance of hydrolytic and oxidative enzymes in ameloblasts during enamel maturation and to re-examine the presence of proteases in enamel matrix. Swiss albino mice of different ages were used. The study was limited to the molar teeth which are of limited growth. Mandibles were dissected out, halved and processed in a variety of ways. For routine histology specimens were fixed in Bouin's fluid, decalcified and processed through paraffin wax, and sections stained with a variety of histological stains including the DNFB-H acid method for proteins. Enzymes in maturing ameloblasts were studied in specimens demineralized in cold neutral EDTA for forty-eight hours (Fuilmer & Link 1964) . Oxidative enzymes representative of the tricarboxylic-acid cycle and pentose-phosphate pathway with their respective diaphorases, and leucyl-naphthylamidase (LNA), were demonstrated in unfixed specimens. Most hydrolytic enzymes with the exception of LNA were better preserved by prior fixation in cold gum-sucroseformalin. Demineralized specimens were frozen in iso-pentane chilled in liquid nitrogen, and 10 pm cryostat sections prepared, which were incubated in the appropriate media together with adequate controls. Unfixed mandibles at the end of matrix production were snap-frozen without demineralization, and cryostat sections were mounted on stained gelatin films (Cunningham 1967) , moistened with 0.1 M phosphate buffer pH 7.4 and incubated for one hour at 37°C in a moist atmosphere to demonstrate protease activity. Rat submandibular glands were processed in an identical manner as positive protease controls.
Essentially similar results were found in all the molar teeth, and discussion will accordingly be limited to the first molar. The duration of matrix produiction is similar to that of maturation, both stages lasting approximately 7 days. The production of enamel matrix by tall columnar ameloblasts begins on the sides of the crown at 3 days continuing until 10 days. The ameloblasts then shorten and persist until 17 days when they degenerate following initial penetration of the crown through the oral mucosa. After the structural reorganization of the ameloblast there is an appreciable time-lag of 1-2 days before histological changes are detectable in the matrix. Subsequently, the matrix stains progressively less intensely for proteins, becoming increasingly tenuous until none is retained after decalcification, which occurs midway through the maturation process. At this stage and subsequently, the ameloblasts appear deceptively inactive using histological stains, although the outer layers of the enamel organ heap up into the papillary layer partially enclosing a rich capillary blood supply. Enzyme histochemical methods, however, revealed considerable metabolic activity of short ameloblasts which persists throughout the maturation process. Hydrolytic enzymes generally increase during this stage. Lysosomal enzymes show considerable variation in activity. Acid phosphatase is present during both stages, whereas ,B-glucuronidase which is present in negligible amounts during matrix production increases to moderate levels in maturing ameloblasts. There is marked leucyl-naphthylamidase activity in the distal cytoplasm, this enzyme being absent during the earlier stage. These latter enzymes are in the terminal parts of glycosaminoglycan and protein degradative pathways, and their presence in short ameloblasts is strongly suggestive of an absorptive and degradative function of short ameloblasts during enamel maturation.
The substrate film technique failed to demonstrate protease activity in enamel matrix, although lysis of gelatin occurred beneath bone and dentine as well as in the salivary gland control. It is concluded on this evidence that proteases are not present in the matrix, which lends further support to the thixotropic concept; organic matrix components being delivered to the ameloblasts by an extrusion process, pushed out by growth of primary apatite crystallites.
The shift of mitochondria from a basal situation in matrix-producing ameloblasts into the distal cytoplasm is clearly visualized using techniques to demonstrate mitochondrial enzymes of the tricarboxylic acid cycle. There is an apparent overall increase in oxidative enzyme activity in both short ameloblasts and the adjacent cells of the papillary layer lying between the capillaries and the maturing enamel, although oxidative enzyme levels in the papillae themselves are less marked. High levels of oxidative enzyme activity persist in short ameloblasts throughout the maturation process, finally disappearing as they degenerate during formation of the epithelial cuff, when the ameloblasts are progressively cut off from their blood supply by proliferation of the papillary layer and downgrowth of oral epithelium. These high levels of oxidative enzyme activity possibly reflect an energy-producing function required for the active transport of inorganic ions across the enamel epithelium. This interpretation is given further support by the ultrastructural observations of Kallenbach (1966) , who showed that the cells of the papillary layer possess characteristic features of electrolyteconcentrating cells, suggesting that these cells are engaged in electrolyte transport.
It is concluded that enamel maturation at the cellular level involves the simultaneous resorption and degradation of previously secreted organic matrix components by the reorganized ameloblasts, coupled with the active transport of inorganic ions in the opposite direction from blood vessels into the maturing enamel through the cells of the enamel organ.
